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node between the first and second capacitors connected in same capacitance to split the voltage equally across the 

series is set to a control voltage level that is sufficient to individual capacitors. The method then proceeds from block 

reduce the transient stress when the integrated circuit tran- 1023 to block 1025. At block 1025, to prevent the transient 

sitions to the low power state. When the circuit is in the high stress that can occur when the charge pump circuit transi- 

power state (e.g., active), the middle node is disconnected or 5 'ions from one power state (e.g., full power, running, etc.) to 

isolated from the control voltage level. In one embodiment, another power state (e.g., shut down, powered off, standby, 

as described above, a control device such as a switching etc >) the middle node between the first , and , second capacitors 

transistor can be used to connect the middle node to or connected in series is set to a control voltage level that is 

disconnect the middle node from the control voltage level, sufficient to reduce the transient stress when the integrated 

based upon the particular power state of the integrated 10 circ uit transitions from a high power state to a low power 

circuit. The method 900 then proceeds to end at block 991. state - In one embodiment, as explained above, the output 

FIG. 10 shows a flow diagram of a method 1000 for node of at least the final sta § e m the charge pump circuit can 

balancing the system performance requirements (e.g., output S° &om a negative voltage level (e.g., -15 volts) when the 

voltage requirement) with the system constraints (e.g., die charge pump circuit is running to a positive voltage level 

area, stress limitations of capacitors) in a charge pump is (e.g., +11 volts) when the charge pump circuit ^ shut down 

circuit. The charge pump circuit in this embodiment includes and tben S ets «»ualized to a proper voltage level, for 

a plurality of pump stages connected in series. Each pump example +5 volts - Wben this virion occurs the total 

stage includes an input node and an output node. The output volta 8 e swee P or tbe ,raDSiet ' t » tress 15 . 26 volts wtucb 

node of each stage is coupled to the input node of a next exceeds the stress limitation of the capacitors even m the 

stage. The input node of the first pump stage is coupled to 20 stad <ed configuration To prevent this transient stress, the 

a power supply to receive an input voltage. The output node volta e e level at the mlddle node b , etween the tw0 capacitors 

of the last stage is coupled to a device that requires a higher connected in series is dynamically controlled as described 

voltage level than that provided by the power supply (e.g., above - At de «ston b 'ock 1025, the method 1000 proceeds to 

a flash memory device). Again, it is assumed for the pur- bl °<* 1029 if the charge pump circuit is m a low power state 

poses of explanation and illustrations that there are two 25 ( e S-; °? b ^ C L 1 000 P™ 0 "^ to 

different types of capacitors (e.g., type one and type two) bloc k 1033. At block 1029 the middle node is connected to 

available for use as the storage and boot node capacitors in a control voltage level that is sufficient to reduce the 

the charge pump circuit. It is assumed in this embodiment ***** below tb f, stres f Imitation of the capacitors 

that type two capacitors can withstand more stress than type At bloc k 1033, the middle node is disconnected or isolated 

one capacitors but have larger die area than type one 30 from ,be control voltage level. In one embodiment, as 

capacitors. In one embodiment, the type one capacitors are described above, a control device such as a switching 

ONO capacitors and the type two capacitors are MOS tansetat can beused * connect the middle node to or 

capacitors. MOS capacitors can withstand more stress com- disconnect the middle node from the control voltage level, 

pared with ONO capacitors. However, MOS capacitors based upon the current state of the cha^e pump cucmt (e g., 

occupy more die area. The method 1000 starts at block 1001 35 wbetber 11 15 sbut down or running). The method 1000 then 

and proceeds to block 1005. At block 1005, the voltage level proceeds to end at block 1091. 

at the output node of each pump stage in the charge pump ^ invention has been described in conjunction with the 

circuit is determined. At decision block 1009, the method preferred embodiment. It is evident that numerous 

1000 proceeds to block 1013 if the output voltage level at the alternatives, modifications, variations and uses will be 

respective output node does not exceed the stress limitation 40 apparent to those skdled in the art m light of the foregoing 

or the breakdown voltage level of a single type one (e.g., description. 

ONO) capacitor. Otherwise the method 1000 proceeds to What 15 claimed is: 

decision block 1017. At block 1013, a single type one 1- A method of controlling the voltage levels across 

(ONO) capacitor is used as the storage capacitor since it can capacitors coupled between a first node and a second node 

withstand the stress. A single type one (ONO) capacitor is 45 of an integrated circuit so that the voltage levels across these 

also used as the boot node capacitor. At decision block 1017, capacitors will not exceed the breakdown voltage limitation 

the method 1000 proceeds to block 1021 if the output of the se capacitors, the voltage level between the first and 

voltage at the respective output node does not exceed the se cond nodes varying from a second voltage level to a first 

stress limitation of a single type two capacitor (e.g., MOS volta g e level when the integrated circuit transitions from a 

capacitor). Otherwise the method 1000 proceeds to block 50 second power state to a first power state, the first power state 

1023. At block 1021, a single type two capacitor (e.g., MOS corresponds to a low power state and the second power state 

capacitor) is used as the storage capacitor and a single type corresponds to a high power state, the method comprising: 

two capacitor is also used as the boot node capacitor in the connecting in series a first capacitor and second capacitor 

respective pump stage. At block 1023, since the output between the first and second nodes of the integrated 

voltage at the respective output node exceeds the stress 55 circuit forming a middle node between the first and 

limitation of both a single type one and a single type two second capacitors; and 

capacitor, a stacked capacitor configuration including two or setting the voltage level of the middle node to a third 

more capacitors connected in series is needed to reduce the voltage level when the integrated circuit is placed in the 

voltage across each individual capacitor. In this first power state such that the voltage level between the 

embodiment, a stacked capacitor configuration using type 60 first and middle nodes does exceed the breakdown 

one capacitors is used since type one capacitors have smaller voltage of the first capacitor and the voltage level 

die area than type two capacitors. The number of type one between the middle and second nodes does not exceed 

capacitors to be connected in series in the stacked configu- the breakdown voltage of the second capacitor, 

ration depends upon the maximum voltage level at the 2. The method of claim 1 wherein setting the voltage level 

respective output node. In this example it is assumed that 65 of the middle node comprises: 

two capacitors connected in series are sufficient. In one connecting the middle node to a voltage source cone- 
embodiment, the capacitors connected in series have the sponding to the third voltage level in response to a 
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control signal indicating that the integrated circuit is 
placed in the first power state. 

3. The method of claim 2 further comprising: 
disconnecting the middle node from the voltage source in 

response to the control signal indicating that the inte- 
grated circuit is placed in the second power state. 

4. The method of claim 3 wherein the control signal is set 
to a first value if the integrated circuit is in the first power 
state and set to a second value if the integrated circuit is in 
the second power state. 

5. The method of claim 3 wherein connecting the middle 
node to the voltage source comprises: 

turning on a switching device to connect the middle node 
to the voltage source. 

6. The method of claim 5 wherein disconnecting the 
middle node from the voltage source comprises: 

turning off the switching device to disconnect the middle 
node from the voltage source. 

7. The method of claim 6 wherein the switching device 
comprises a transistor. 

8. The method of claim 1 wherein the first and second 
capacitors are selected from the group consisting of oxide- 
nitride-oxide (ONO) capacitors and metal-oxide- 
semiconductor (MOS) capacitors. 

9. The method of claim 1 wherein the capacitance of the 
first capacitor is approximately equal to the capacitance of 
the second capacitor. 

10. A method of controlling the voltage levels across 
capacitors coupled between a first node and a second node 
of an integrated circuit so that the voltage levels across these 
capacitors will not exceed the breakdown voltage limitation 
of these capacitors, the voltage level between the first and 
second nodes varying from a second voltage level to a first 
voltage level when the integrated circuit transitions from a 
second power state to a first power state, the method 
comprising: 

connecting in series a first capacitor and second capacitor 
between the first and second nodes of the integrated 
circuit forming a middle node between the first and 
second capacitors; and 

setting the voltage level of the middle node to a third 
voltage level when the integrated circuit is placed in the 
first power state such that the voltage level between the 
first and middle nodes does exceed the breakdown 
voltage of the first capacitor and the voltage level 
between the middle and second nodes does not exceed 
the breakdown voltage of the second capacitor, the 
third voltage level at the middle node corresponds to 
the voltage level at the first node when the integrated 
circuit is placed in the first power state. 

11. The method of claim 10 wherein the middle node is 
connected to the first node via a switching device when the 
integrated circuit is placed in the first power state. 

12. The method of claim 11 wherein the middle node is 
disconnected from the first node via the switching device 
when the integrated circuit is placed in the second power 
state. 

13. The method of claim 12 wherein the switching device 
is turned on in response to a control signal indicating that the 
integrated circuit is in the first power state and turned off in 
response to the control signal indicating that the integrated 
circuit is in the second power state. 

14. The method of claim 13 wherein the switching device 
comprises a transistor. 

15. In a charge pump having a plurality of pump stages 
connected in series, at least one of the pump stages including 
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at least one node to be coupled to a corresponding clock 
signal via a capacitive device, the at least one node having 
a first voltage when the charge pump is in a first power state 
and a second voltage when the charge pump is in a second 
power state, a method of balancing the voltage requirement 
at the at least one node with the stress limitation and die area 
of the capacitive device, the method comprising: 

using a single capacitor of a first type as the capacitive 
device between the at least one node and the corre- 
sponding clock signal if the first voltage and second 
voltage do not exceed the stress limitation of the single 
capacitor of the first type; 
if the second voltage exceeds the stress limitation of the 
single capacitor of the first type, using a single capaci- 
tor of a second type as the capacitive device between 
the at least one node and the corresponding clock signal 
if the first voltage and second voltage do not exceed the 
stress limitation of the single capacitor of the second 
type, the single capacitor of the second type having 
greater stress limitation and greater die area than the 
single capacitor of the first type; and 
if the second voltage exceeds the stress limitation of the 
single capacitor of the second type, using two capaci- 
tors of the first type connected in series as the capaci- 
tive device between the at least one node and the 
corresponding clock signal if the first voltage and 
second voltage do not exceed the combined stress 
limitation of the two capacitors of the first type; and 
if the first voltage exceeds the combined stress limitation 
of the two capacitors of the first type, setting the middle 
node between the two capacitors of the first type to a 
third voltage level when the charge pump is in the first 
power state such that the voltage across each of the two 
capacitors does not exceed the stress limitation of the 
respective capacitor, the third voltage level at the 
middle node corresponds to the voltage level at the first 
node when the charge pump is placed in the first power 
state. 

16. The method of claim 15 wherein setting the middle 
node between the two capacitors to the third voltage level 
comprises: 

connecting the middle node to a voltage source corre- 
sponding to the third voltage level via a switching 
device in response to a control signal indicating that the 
charge pump is placed in the first power state. 

17. The method of claim 15 further comprising: 
disconnecting the middle node from the voltage source 

corresponding to the third voltage level via the switch- 
ing device in response to the control signal indicating 
that the charge pump is placed in the second power 
state. 

18. A charge pump circuit including a plurality of pump 
stages being connected in series each having an input node 
and an output node, at least one of the pump stages com- 
prising: 

a switching transistor having a gate, a first terminal, and 
a second terminal, the first terminal being coupled to 
the input node of the respective pump stage and the 
second terminal being coupled to the output node of the 
respective pump stage; 

a first capacitor having a first end and a second end, the 
first end of the first capacitor being coupled to the gate 
of the switching transistor; 

a second capacitor having a first end and a second end, the 
first end of the second capacitor being coupled to the 
second end of the first capacitor forming a first inter- 
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mediate node, the second end of the second capacitor 
being coupled to a first clock signal; 

a third capacitor having a first end and a second end, the 
first end of the third capacitor being coupled to the 
output node of the respective pump stage; and 5 

a fourth capacitor having a first end and a second end, the 
first end of the fourth capacitor being coupled to the 
first end of the third capacitor forming a second inter- 
mediate node, the second end of the fourth capacitor 
being coupled to a second clock signal 10 

wherein the first and second intermediate nodes are set to 
a predetermined voltage level when the charge pump 
circuit is placed in a low power state. 

19. The charge pump circuit of claim 18 wherein the first s 
and second intermediate nodes are set to the predetermined 
voltage level via a switching device in response to a control 
signal indicating that the charge pump circuit is placed in the 
low power state. 

20. The charge pump circuit of claim 19 wherein the 2Q 
switching device comprises a first control transistor and a 
second control transistor, the first and second control tran- 
sistors being turned on in response to the control signal 
indicating that the charge pump circuit is placed in the low 
power state to connect the first intermediate and second 25 
intermediate nodes, respectively, to a voltage source corre- 
sponding to the predetermined voltage level. 

21. The charge pump circuit of claim 20 wherein the 
voltage source is set to a first voltage level to turn on the first 
and second control transistors when the charge pump circuit 3Q 
is placed in the low power state and to a second voltage level 

to turn off the first and second control transistors when the 
charge pump circuit is placed in a high power state. 

22. A charge pump stage in a charge pump circuit, the 
charge pump stage comprising: 35 

a first switching transistor having a gate, a first terminal 
and a second terminal, the first terminal being coupled 
to an input node of the charge pump stage, the second 
terminal being coupled to an output node of the charge 
pump stage; 
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at least two capacitors connected in series between the 
gate of the first switching transistor and a first clock 
signal forming a first intermediate node between the 
two capacitors; 

at least two capacitors connected in series between the 
output node and a second clock signal forming a second 
intermediate node between the two capacitors; 

a control device to connect the first and second interme- 
diate nodes to a first voltage source when the charge 
pump circuit is in a first power state and to disconnect 
the first and second intermediate nodes from the first 
voltage source when the charge pump circuit is in a 
second power state; 

a first diode having an input terminal and an output 
terminal, the input terminal being coupled to the first 
terminal of the first switching transistor and the output 
terminal being coupled to the gate of the first switching 
transistor; and 

a second diode having an input terminal and an output 
terminal, the input terminal being coupled to the gate of 
the first transistor, the output terminal being coupled to 
the first terminal of the first switching transistor. 

23. The charge pump stage of claim 22 wherein the 
control device comprises a first control transistor and a 
second control transistor, the first and second control tran- 
sistors being turned on in response to a control signal 
indicating that the charge pump circuit is in the first power 
state, the first and second control transistors being turned off 
in response to the control signal indicating that the charge 
pump circuit is in the second power state. 

24. The charge pump stage of claim 23 wherein the first 
voltage source is used as the control signal, the first voltage 
source being set to a first value when the charge pump circuit 
is in the first power state and being set to a second value 
when the charge pump circuit is in the second power state. 



